BACKGROUND: Adherence to evidence-based treatment guidelines has been proposed as a measure of cancer care quality. The objective of this study was to determine the rate and predictors of care that does not adhere to National Comprehensive Cancer Network guidelines regarding commencing postoperative radiation therapy (PORT) within 6 weeks of surgery for patients with head and neck squamous cell carcinoma (HNSCC). METHODS: The National Cancer Data Base was reviewed from 2006 to 2014, and patients with HNSCC who underwent curative-intent surgery followed by PORT were identified. Multivariable logistic regression analysis was used to determine the factors associated with nonadherence to guidelines regarding the timing of initiating PORT. RESULTS: In total, 47,273 patients were included in the study. 55.7% of patients (26,340/47,273) failed to commence PORT within 6 week of surgery. The percentage of patients who failed to initiate PORT within 6 week of surgery increased over time. On multivariable analysis, the factors associated with failure to initiate timely, guideline-adherent PORT included black race, public insurance [Medicare, Medicaid] or uninsured status, lower levels of education, increased severity of comorbidity, increased postoperative length of stay, 30-day unplanned hospital readmission, treatment at an academic medical center, and the receipt of surgery and PORT at different facilities. CONCLUSIONS: Over 50% of patients with HNSCC who undergo surgery and PORT receive care that does not adhere to National Comprehensive Cancer Network guidelines with regard to initiating PORT within 6 weeks of surgery. Sociodemographic, oncologic, treatment, and hospital factors are all associated with failure to receive guideline-directed care and should be explored in future studies.
INTRODUCTION
In recent years, several leading national organizations, including the American Society of Clinical Oncology, the American Cancer Society, the National Quality Forum, and the Institute of Medicine, have issued reports, guidelines, and consensus statements regarding the quality of cancer care in America. [1] [2] [3] [4] [5] [6] [7] Timeliness of care is recommended as 1 indicator of quality care. 3 The only measure of timely care incorporated into guidelines for patients with head and neck squamous cell carcinoma (HNSCC) is the interval between surgery and postoperative radiation therapy (PORT). According to the National Comprehensive Cancer Network (NCCN) Treatment Guidelines, version 2.2016, the "preferred interval between resection and postoperative radiotherapy is 6 weeks." 8 To date, no large studies have documented how often patients with HNSCC initiate PORT in a manner that adheres to NCCN guidelines or which patients are at the highest risk for receiving substandard care.
In the current study of patients with HNSCC undergoing surgery and PORT, we sought to answer the following questions: 1) How frequently do patients receive treatment that does not adhere to NCCN guideline recommendations to initiate PORT within 6 weeks of surgery? 2) What factors are associated with failure to initiate timely, guideline-adherent PORT?
MATERIALS AND METHODS

Data Source
The National Cancer Data Base (NCDB) is a hospitalbased cancer registry that is a joint program of the American College of Surgeons Commission on Cancer, and the American Cancer Society. The NCDB annually collects high-quality and internally appraised cancer data from more than 1500 Commission on Cancer-accredited hospitals in the United States. It captures approximately 70% of cancer diagnoses annually in the United States, making it the world's largest clinical cancer registry. 9 
Study Cohort
The Medical University of South Carolina Institutional Review Board deemed this study exempt from review. The NCDB was reviewed from 2006 through 2014 to identify patients with upper aerodigestive tract HNSCC who had not received prior radiation and underwent curative-intent surgery followed by postoperative radiation with or without chemotherapy (Fig. 1) . HNSCC diagnoses were filtered using International Classification of Disease for Oncology, Third Edition topography codes for the oral cavity (including lip; codes C00.0-C00.6, C00.8, C00.9, C02.0-C02.3, C02.8, C0.2.9, C03.0, C03.1, C03.9-C04.1, C04.8-C05.0, C06.0-C06.2, C06.8, and C06.9), the oropharynx (codes C01.9, C02.4, C05.1, C05.2, C5.8, C5.9, C09.0, C09.1, C09.8-C10.4, C10.8, C10.9, C14.0, C14.2, and C14.8), the hypopharynx (codes C12.9-C13.2, C13.8, and C13.9), and the larynx (codes C32.0-C32.3 and C32.8-C32.9) as well as histology codes for squamous cell carcinoma (SCC) or relevant variants (codes 8032, 8050, 8052, 8070-8075, and 8083-8084). In total, 58,722 patients met the inclusion criteria. The following patients were excluded (n 5 11,449): patients who received brachytherapy, stereotactic radiosurgery, or an unspecified radiation modality (n 5 568); received induction chemotherapy (n 5 9896); received palliative therapy (n 5 437); underwent definitive surgery >180 days after diagnosis (n 5 142); and initiated PORT >180 days after surgery (n 5 406). We excluded patients who underwent definitive surgery >180 days after diagnosis and initiated PORT >180 days after surgery because of presumed clinical dissimilarity and concern about curative intent. The final study cohort was composed of 47,273 patients. Because the study evaluated the time to initiation of PORT, patients with pathologic T3 and T4 or lymph node-positive HNSCC who should have received adjuvant therapy but did not were not analyzed.
Outcome Measures
The primary outcome measure was nonadherence to the NCCN recommendation to initiate PORT within 6 weeks of surgery. Time to initiation of PORT was calculated as the difference between the time from diagnosis to definitive surgery and the time from diagnosis to the beginning of radiation. Time to initiation of PORT was dichotomized into care that was adherent to NCCN guidelines (initiation of PORT 6 weeks postoperatively) or nonadherent (initiation of PORT >6 weeks postoperatively). of adjuvant concurrent chemotherapy). Age was grouped into categories (<50, 50-59, 60-69, and 70 years). Race was classified as white, black, Asian, and other. Urban/rural status was based on 2013 data and is classified by the NCDB as metropolitan, urban, and rural based on population size and degree of urbanization. 10 Educational attainment is estimated within the NCDB by matching the patient's zip code to data from 2008 through 2012 regarding the number of adults in the zip code who did not graduate from high school and is categorized into quartiles (<7%, 7%-12.9%, 13%-20.9%, and 21%). 10 The median household income is estimated within the NCDB by matching the patient's zip code to data from 2008 through 2012, adjusting for 2012 inflation, and is then categorized into quartiles (<$38,000, $38,000-$47,999, $48,000-$62,999, and $63,000). 10 Distance from the treatment facility is calculated as the distance in miles from the patient's zip code centroid and treatment facility address. 10 Comorbidity was assessed with the Charlson/ Deyo comorbidity score 11 and is categorized as 0, 1, or 2 within the NCDB. 10 Patients were staged according to the sixth or seventh edition of the AJCC staging system, depending on the year of diagnosis. Thirty-day hospital readmissions are categorized as unplanned or planned within the NCDB but only include readmission to the treating hospital. 10 Radiation modality was categorized as external beam (which included external beam no otherwise specified, photon and/or electron, and neutron), intensity-modulated radiation therapy (IMRT), conformal or 3-dimensional therapy, proton therapy, or other. Extent of surgery is available in the NCDB but is site specific, which makes it challenging to clinically interpret comparisons across tumor subsites; therefore, extent of surgery is not presented in this report. The number of lymph nodes examined is available in the NCDB, allowing inferences about neck dissections, but the extent or laterality of neck dissection is not recorded.
Covariates related to care delivery included treatment facility type, treatment at more than 1 facility, surgery and radiation at the same facility, and region of the United States. Treatment facility type is classified in the NCDB as community cancer program, comprehensive community cancer program, academic program, integrated network cancer program, and other. An academic cancer program is defined by training residents in at least 4 specialties. Nonacademic facility types are differentiated based on annual case volume for all cancers (community vs comprehensive community) or whether they belong to a network of facilities that provide integrated and comprehensive cancer care (integrated network). 12 Treatment at more than 1 facility was calculated using the class of case codes and was categorized as all treatment at 1 facility, treatment at more than 1 facility, and unknown whether treatment was received at 1 or more facilities. Surgery and radiation at the same facility were calculated using the codes for surgery at this facility and radiation at this facility. Geographic region of the United States was recategorized from the 9 NCDB codes into 4 regions: Northeast, South, Midwest, and West. 10 
Statistical Analysis
Univariable logistic regression analysis was performed on covariates to identify factors associated with the failure to initiate PORT within 6 weeks of surgery. The variables that were associated with failure to initiate timely, guideline-adherent PORT on univariable analysis (P < .05) with perceived clinical relevance were entered into the multivariable logistic regression model. In cases of collinearity, clinical relevance was used to select which covariates to include in the model. Multivariable logistic regression analysis was performed using a backward stepwise manual-removal approach in which covariates were removed based on the P values (ie, the covariate with the largest P value was removed) until we arrived at the final model, in which the P values for regression coefficients for each covariate were < .01. For categorical variables with unknown or missing information, the unknown groups were included throughout for data analysis but were omitted from the final multivariable analysis for clarity of presentation. Data analysis was performed using SPSS version 24 (IBM SPSS Inc., Chicago, Ill). All statistical tests were 2-sided. Given the large sample size, statistical significance was set at a P value of < .01, and measures of precision of point estimates are presented as 99% confidence intervals (CIs).
RESULTS
Patient Population and Characteristics
We identified 47,273 patients with HNSCC who underwent surgery and PORT from 2006 through 2014 and met study inclusion criteria. Of these, 55.7% (26,340 of 47,273 patients) failed to start PORT within 6 week of surgery, as recommended; and 40.9%, 29.4%, 15.9%, and 9% of patients failed to commence PORT within 7, 8, 10, and 12 weeks of surgery, respectively. Data on the patients' sociodemographic, oncologic, and treatment characteristics and their relation to the failure to initiate timely, guideline-adherent PORT are presented in Tables 1 and 2 . In the entire cohort of patients, most were men (76%), white (88%), and had private insurance (49%). The most common primary site was the oropharynx (42%), the most common stage was AJCC pathologic stage IV (45%), and the most common radiation modality was IMRT (53%). Most patients received concurrent chemoradiation (53%). The hospital-level characteristics are provided in Table 3 . The most common type of treatment facility was an academic medical center (44%), and most patients did not receive surgery and PORT at the same facility (51%). (Fig. 2) .
Factors Associated With Nonadherence to Guidelines for Time to Initiation of PORT
Multivariable logistic regression analysis was used to identify factors associated with failure to initiate PORT within 6 weeks of surgery. Forest plots generated for the adjusted odds ratios (ORs) from the regression analysis are 
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Cancer July 15, 2017 presented in Figure 3 and Supporting Various oncologic and treatment variables were associated with failure to initiate timely, guideline-adherent PORT. Relative to patients who had oral cavity primary tumors, those who had tumors in all other subsites were more likely to experience timely, guideline-adherent initiation of PORT. Increasing postoperative LOS correlated with failure to start PORT within 6 weeks, ranging from a 1.4-fold increased risk for patients with an LOS of 4 to 7 days (OR, 1.39; 99% CI, 1.28-1.50) to a 4.9-fold risk for those with a postoperative LOS >21 days (OR, 4.94; 99% CI, 3.96-6.15). Unplanned hospital readmission within 30-days of surgery also increased the risk of delayed initiation of PORT (OR, 1.28; 99% CI, 1.09-1.50). Patients who received IMRT or proton therapy as their radiation modality were more likely to experience delayed care (IMRT: OR, 1.24; 99% CI, 1.17-1.31; proton therapy: OR, 5.18; 99% CI, 2.18-12.31).
Variables related to the hospital system of care delivery were also associated with failure to initiate timely, guideline-adherent PORT. Patients who received some portion of their care at an academic medical center were significantly more likely not to commence PORT within the recommended timeframe (OR, 1.28; 99% CI, 1.16-1.41). Fragmentation of care was correlated with delayed initiation of PORT, because patients who underwent surgery and received radiation at different facilities were more likely to experience delayed initiation of PORT (OR, 1.41; 99% CI, 1.33-1.49).
DISCUSSION
Variability in the delivery of cancer care with unexplained heterogeneity and deviation from national standards exists across several oncology disciplines. 1 This unexplained variability in care contributes to low-quality care and may impact the cost of care. One manifestation of lower quality cancer care is failing to deliver timely cancer care. 3 In this large, nationally representative, hospital-based cancer registry, we observed that, for patients with HNSCC who receive PORT, care that is not adherent to NCCN guidelines with regard to the timely initiation of PORT is common. Furthermore, nonadherence is related to measures of socioeconomic status and comorbidity, oncologic characteristics, the postoperative hospital course, type of radiation modality, type of facility of treatment, care fragmentation, and region of the United States.
Frequency of Care that Does Not Adhere to NCCN Guidelines
Over 50% of the patients in this study received care that did not adhere to NCCN guidelines with regard to the timely initiation of PORT after surgery. Discrepancies between guideline-directed care and delivered care have been described across the spectrum of pretreatment evaluation, treatment, and posttreatment surveillance for patients with oral cavity cancer 13 and laryngeal cancer 14, 15 and in the receipt of adjuvant therapy for patients who have head and neck cancer with high-risk features. 16 The failure to achieve guideline-directed care has been reported in single-institution studies 17 and in national studies of patients with head and neck cancer. 18 Continued effort will be required to improve the quality of care delivered to these patients. 19 Temporal Trends in Care that Does Not Adhere to NCCN Guidelines
The frequency of care that did not adhere to NCCN guidelines with regard to commencing adjuvant therapy in a timely fashion increased over the study period (from 52.9% in 2006 to 58.7% in 2014). This finding of worse adherence over time was largely explained by a matching increase in the percentage of patients who received IMRT over the study period. Others have also documented a rise in the receipt of IMRT over time by patients with head and neck cancer. 20 Despite the benefits of IMRT in terms of xerostomia and health-related quality of life for patients with head and neck cancer, 21 the relation between more sophisticated technologies and increasing time to treatment remains an area of tension as providers try to provide high-quality care in a timely fashion. 22 Factors Associated With Nonadherence to Guidelines for the Timely Initiation of PORT Numerous patient-level factors were related to the failure to receive PORT in a timeframe that adhered with NCCN recommendations. In the current study, measures of low socioeconomic status were correlated with receipt of care that did not adhere to NCCN guidelines. An increased likelihood of care that does not adhere to NCCN guidelines for patients with low socioeconomic status has been documented in patients with head and neck cancer 16 and in other surgical oncology specialties, such as breast cancer, 23, 24 colorectal cancer, 25 lymphoma, 26 and various others. 27 Increasing severity of comorbidity was correlated with delayed initiation of PORT. In patients with head and neck cancer, the severity of comorbidity affects timing of diagnosis, selection of treatment, prognosis, and quality of life. 28 More severe levels of comorbidity have been associated with lower quality care across a variety measures, including the likelihood of receiving NCCN guidelineadherent care with regard to receipt of adjuvant therapy, 16 the likelihood of receiving high-quality care for laryngeal cancer, 14 increased time to initiation of definitive therapy, 22 and increased duration of radiation therapy. 29 Increasing postoperative LOS and unplanned hospital readmission with 30 days of surgery also increased the risk of untimely, guideline-nonadherent PORT. Hospital LOS has been suggested as a quality indicator in head and neck cancer care. 30 Unplanned readmissions have received significant attention because of Medicare reimbursement; however, they have also been correlated with worse survival in patients with oral cavity cancer. 13 LOS and hospital readmission are both potentially modifiable risk factors that can be improved through quality-improvement methodology to decrease the rate of nonguideline-directed care.
Fragmented care, ie, surgery and radiation at different facilities, was correlated with delayed initiation of PORT. Care fragmentation was common in this study, because >50% of patients underwent received surgery at 1 facility and received adjuvant therapy at another. To our knowledge, the role of fragmentation between treatment facilities for surgery and radiation has not been described for patients with head and neck cancer. Significant differences have been described in the quality of radiation therapy and outcomes for patients who undergo surgery and receive radiation at an academic medical center compared with surgery at an academic medical center and radiation at a nonacademic medical center. 31, 32 The effect of fragmented care on oncologic outcomes should be explored in the future.
Oncologic Effect of Timely PORT and Treatment Package Time
Despite the NCCN's endorsement of the preferred time to initiation of PORT for HNSCC, the evidence underlying the recommendation is conflicted with regard to its effect on locoregional recurrence and survival. The rationale for timely initiation of radiation therapy is the repopulation and proliferation of residual microscopic disease and tumor clonogens. 29, 33 Some studies have reported benefits in terms of locoregional control and survival, whereas other studies have questioned whether recent advances in technology and use of chemotherapy mitigate against the adverse effects of treatment delays. 29, [33] [34] [35] [36] [37] [38] [39] [40] Although a total treatment package time, from surgery to completion of PORT, is not part of NCCN guidelines, numerous publications have indicated that the total duration of treatment is highly prognostic, with treatment package time goals ranging from <87 to <100 days. 33, 37, 40, 41 Recommendations to Improve GuidelineAdherent Care Future research will be required to implement and study different interventions designed to decrease the rate of Original Article delayed initiation of PORT. Attempts to alter modifiable risk factors, such as prolonged LOS and unplanned hospital readmission, already occur at the hospital level; however, understanding their implications on timely PORT and, consequently, potentially on survival might raise awareness and improve outcomes. For nonmodifiable risk factors, such as low socioeconomic status, resource intensification to help these patients understand the importance of timely initiation of PORT and succeed in making it to appointments potentially could help. In addition, global attention to this issue for all patients, including preoperative consultation with radiation oncology, minimization of fragmented care, and nurse navigator assistance with timeline expectations, might mitigate some of the problem. These suggestions merit future prospective study.
Limitations
This study has important limitations. Because it is a retrospective database study, we do not have knowledge of certain patient or tumor characteristics that might affect treatment decisions, such as particularly aggressive tumor behavior, perineural invasion, lymphovascular invasion, tumor board discussion, or patient-physician discussion about the risk/benefit ratio of adjuvant therapy that might affect the time to initiation of PORT. The role of patient preferences, indecisiveness, and the ability to meet the schedule of postoperative appointments necessary for timely initiation of PORT also cannot be discerned from this database. Missing data or coding errors related to patient or treatment characteristics are possible, likely are not random, and may bias the results of this study. This study only examines adherence to NCCN recommendations for the preferred time to initiation of PORT and not whether adherence to these guidelines is associated with improved oncologic outcomes, such as decreased rates of recurrence or improved survival. Future studies should address the relation between adherence to guidelines regarding the timely initiation of PORT and diseasespecific oncologic outcomes. Despite these limitations, there are numerous methodological strengths to the study. It captures patients of all adult ages, has a national scope and a large sample size, and analyzes treatment at different types of hospitals.
Conclusions
Over 50% of patients with HNSCC who undergo surgery and PORT receive care that does not adhere to NCCN guidelines with regard to initiating PORT within the 6 weeks of surgery. The number of patients receiving guideline nonadherent care is increasing over time. Sociodemographic, oncologic, treatment, and hospital factors are all associated with care that does not adhere to guidelines. Modifiable risk factors for decreasing the rate of delayed initiation of PORT include postoperative LOS and unplanned hospital readmissions.
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